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Abstract
The minimal SU(3)L × U(1)N gauge model for (ν, ℓ, ℓ
C) equipped with the (ap-
proximate) Le−Lµ−Lτ symmetry and a discrete Z4 symmetry is found to provide
radiative neutrino masses compatible with the LMA MSW solution.
The neutrino oscillation phenomena imply the existence of massive neutrinos
[1]. Non-zero Majorana neutrino masses are known to arise in models with
lepton number violating interactions and SU(3)L × U(1)N models naturally
have such interactions [2], which are linked to generate charged lepton masses.
With this in mind, we have constructed the simplest SU(3)L × U(1)N model
with for (ν, ℓ, ℓC) giving rise to the currently most favorable LMA solution [3].
We use the following three guidelines to construct our model. (1) the model
accounts for ∆m2atm ≫ ∆m
2
⊙
[4], which will be realized by bimaximal neutrino
mixings based on the (approximate) L′ ≡ Le −Lµ −Lτ symmetry [5]; (2) the
model respects the LMA solution, ∆m2atm/∆m
2
⊙
= 10−2 − 10−1 [4]; and (3)
the model provides neutrino masses as radiative effects [6].
The particle content is given by, for (U(1)N , L
′): (a) triplet leptons, ψ1 =
(ν1, ℓ1, ℓc1)TL : (0, 1), ψ
i=2,3 = (νi, ℓi, ℓci)TL : (0,−1); (b) triplet scalars, η =
(η0, η−, η+)T : (0, 0), ρ = (ρ+, ρ0, ρ++)T : (1, 0), χ = (χ−, χ−−, χ0)T : (−1, 0)
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Fig. 1. One-loop diagram for δmrad11 , where mℓi = fiiv
(+)
ℓ .
with 〈η0, ρ0, χ0〉 (≡ vη,ρ,χ) and (c) antisextet scalars, S
(0) : (1, 0) for ψ1ψ2,3,
S(+) : (1, 2) for ψ2,3ψ2,3. If there is only one antisextet, because the antisextet
yields both mass terms for ℓ and ν, we will encounter the similar flavor mass-
structure for ν and ℓ, which, however, contradicts with the phenomenology.
To avoid this ’similarity’, we introduce two antisextets of S(0,+)αβ (α, β=1,2,3)
and study their vacuum alignment to yield, for neutrinos, 〈S(0)11〉 (≡ v(0)ν ) but
without 〈S(+)11〉 (≡ v(+)ν ) and, for charged leptons, 〈S
(0,+)23〉 (≡ v
(0,+)
ℓ ) [3].
To realize the vacuum alignment, we use the L′ symmetry with a Z4 sym-
metry, where Z4(ψ
1, η, S(+))=+; Z4(ψ
2,3, S(0))=−; Z4(ρ, χ) = i. The interac-
tion, ηηS(+)cS(+)c, which is Z4 (and L)-symmetric for S
(+)11, does not disturb
v(+)ν =0 and breaks the L
′ conservation but preserves a discrete symmetry
based on exp(iL′π/2) (≡ ZL′) since L
′ is broken by |L′| = 4. Then, Z4 and
ZL′ symmetries collaborate to ensure the vacuum alignment and all possible
L-violating interactions that can generate v(+)ν turn out to be forbidden.
The Yukawa interactions consist of f1i(ψ1)
CψiS(0) and (1/2)fij(ψi)
Cψj S(+)
for i, j = 2,3 (without ψψη forbidden by Z4) and Higgs potentials are given
by trivial self-Hermitian terms and by non self-Hermitian terms composed of
µ0ρS
(0)χ and λ1ηηS
(0)CS(0)C generating v
(0)
ℓ 6=0 and λ2ηS
(0)CρCχC generating
v(0)ν 6=0, both of which conserve L
′, and of λbηηS
(+)CS(+)C generating v
(+)
ℓ 6=0,
which violates L′. These Higgs interactions support our vacuum alignment.
We obtain neutrino and charged lepton mass matrices as follows:
Mν =


δmrad11 ǫδm
ℓ
12 ǫδm
ℓ
13
ǫδmℓ12 0 0
ǫδmℓ13 0 0


, Mℓ =


0 δmℓ12 δm
ℓ
13
δmℓ12 m
ℓ
22 m
ℓ
23
δmℓ13 m
ℓ
23 m
ℓ
33


(1)
where δmℓ1i (m
ℓ
ij) = f1iv
(0)
ℓ (fijv
(+)
ℓ ) (i, j=2,3), ǫ= v
(0)
ν /v
(0)
ℓ , δm
rad
11 is a radiative
mass as in Fig.1: δmrad11 ∼ −2λ2f
2
13mτµ0v
2
χ/v
3
weak (vweak ≡ 174 GeV). The
hierarchical parameterization of mℓij is used for mµ ≪ mτ and δm
ℓ
1i ≪ m
ℓ
ij for
me ≪ mµ,τ [7] and the bimaximal structure relies upon δm
ℓ
12 ≈ δm
ℓ
13.
2
Using the phenomenologically acceptable parameter set of (µ0 = mχ = vχ,
vη,ρ,S(0,+) = mρ,S(0,+) = vweak/2) and an estimate of v
(0)
ν ∼ −λ2vηvρ/vχ [8] with
λ2 ∼ 10
−7 formν ∼ 5×10
−3 eV2, we finally obtain ∆m2
⊙
/∆m2atm ∼ 2δm
rad
11 /mν
∼ (10−2−10−1) for vχ ∼ 3.5−6.0 TeV, which are consistent with the SU(3)L
breaking scale. This model is, thus, relevant to yield the LMA solution. 1
We have constructed the minimal SU(3)L × U(1)N model with the leptons
placed in (ν, ℓ, ℓC). The approximate bimaximal mixings are based on the L′
symmetry and the specific emphasis is laid on the fact that the similarity of our
neutrino mass matrix to the charged lepton mass matrix for the (1,2) and (1,3)-
entries in the ǫ terms of Eq.(1). We found sufficient power of symmetries that
forbids neutrino mass terms in the (i, j)-entries (i, j = 2,3) while these terms
are allowed for charged leptons. The observed mass hierarchy ∆m2atm ≫ ∆m
2
⊙
is explained by the dynamical one between tree and one-loop effects and the
LMA solution shows up for vχ ∼a few TeV.
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